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Background of the Invention 

The present invention generally relates to Built-in-self repair (BISR) designs, 
and more specifically relates to a BISR design which is configured to test redundant 
elements and regular functional memory to avoid test escapes. 

BISR detects and repairs defects in memories. Testing of redundant 
locations is an important aspect of the BISR algorithm. It is not always very easy to 
test redundant locations completely. 

A current solution is to bitmap all the failures and post-process it to 
determine whether or not the failure is related to defects in redundant locations. 
However, it is almost impossible to bitmap all failing memories in the production 
flow. This significantly impacts tester time and increases cost. Another current 
solution is to check the unused redundant elements along with the functional space 
next to them via BIST. However, using BIST to test limited addresses results in a 
very complicated algorithm, increases gate count and can potentially impact yield. 

Huang et al. had proposed a method to test the redundant elements along 
with regular memory in United States Patent No. 6,640,321 . United States Patent 
No. 6,640,321 is hereby incorporated herein by reference in its entirety. The 
method proposed in that patent is useful for memories which employ only 
redundant rows. The basic idea is to generate Built-in-self-test (BIST) with 
additional words (more than the actual functional space) and use the additional 



words access to access the redundant elements during BIST run. The method 
requires complicated masking of false failure during Built-in-self-repair (BISR) and 
BIST runs. These failures occur because BIST tries to test more words then 
existing in the functional space all the time. Moreover, it becomes very 
complicated if we have both redundant rows and redundant columns. It also 
requires special design in the memory to support this method. 

In another method, redundant elements are remapped to repair the defective 
elements on the fly as soon as the defective elements are assessed. BIST run is then 
re-started from where it was stopped. This requires special BIST design and 
handling and will be impossible to achieve with third party BIST designs. 
Moreover, it is almost impossible to assess the replacement of defects with either 
row or column (in case of row and column redundancy) since the actual 
assignments of redundant rows or columns are done at the end. This method still 
has potential test escapes because of not getting proper background physical 
patterns. 



Objects and Summary of the Invention 

A general object of an embodiment of the present invention is to provide a 
BISR design which allows for the testing of redundant locations, including the 
unused ones, in the manufacturing flow. 
5 Briefly, an embodiment of the present invention provides a BISR mode and 

associated method for testing memory. Redundant elements of the memory which 
are not used are also tested, and interaction between redundant elements of the 
memory which are not used and adjacent functional memory are also checked.. 
Repair information is used to repair the memory and redundant elements which are 
10 not needed to be used for repairing the memory are forced to be used, such as by 
faking defects to remap good elements with redundant elements. 
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Brief Description of the Drawings 

The organization and manner of the structure and operation of the invention, 
together with further objects and advantages thereof, may best be understood by 
reference to the following description, taken in connection with the accompanying 
5 drawings, wherein: 

Figure 1 is a flow chart which illustrates the test flow of a prior art method; 
Figure 2 is a flow chart which illustrates the test flow of a method which is in 
accordance with an embodiment of the present invention; and 

Figure 3 is a block diagram of a BISR mode which is in accordance with an 
10 embodiment of the present invention. 
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Description 

While the invention may be susceptible to embodiment in different forms, 
there is shown in the drawings, and herein will be described in detail, a specific 
embodiment with the understanding that the present disclosure is to be considered 
5 an exemplification of the principles of the invention, and is not intended to limit the 
invention to that as illustrated and described herein. 

BISR circuitry is used to repair defects found in memories. BISR uses BIST 
to test the memory. Based on the BIST run BISR assigns the redundant elements to 
replace the defective elements. Typically, memory gets re-tested after repair and if 
10 the memory is still found defective, then the memory is classified as un-repairable. 
If it passes the BIST, then it is classified as repairable. 

It is important to note that the second BIST run tests the good regular 
functional memory and only the redundant elements which are used to replace the 
defective elements in regular memory. However, it does not test redundant 
15 elements which are not used. Moreover, it does not check the interaction between 
redundant elements (which are not used) and adjacent regular memory. Figure 1 
shows an existing typical flow for testing of memories. 
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The present invention can be used for any type of redundancy. It does 
require extra BIST run to check redundant memory space. However, BIST can be 
run only on redundant memory space along with adjacent redundant elements space. 
However, it is very difficult to design a special BIST to test just redundant elements 
and adjacent memory elements because it complicates the algorithm and increases 
the gate count. A complete BIST run can also be run if a special BIST run for 
redundant memory and adjacent memory locations can not be designed. 

The present invention provides a special mode in the BISR design. This 
mode uses the repair information generated during the BISR run to repair the 
memory. It also forces the usage of the other redundant elements which are not 
needed to be used for repairing the memory. Redundant elements do not really 
have any direct control in terms of functional access. The only way these elements 
can be accessed is by faking some defects to remap the good elements (because of 
fake defects) with redundant elements. This way when we run BIST on repaired 
memory then we not only test (write/read) the redundant memory but also the 
portion of regular functional memory which is placed in the design close to the 
redundant memory. This way we can make sure we not only test the redundant 
memory for failures but also interaction between redundant memory and adjacent 
functional memory is also tested. A possible flow of testing is depicted in Figure 2. 



Figure 3 illustrates a special BISR mode which can be utilized to practice the 
method shown in Figure 2. As shown, the BISR mode includes means for testing 
redundant elements of the memory which are not used (block 100); means for 
checking interaction between redundant elements of the memory which are 
not used and adjacent functional memory (block 102); means for using repair 
information to repair the memory (block 104); and means for forcing usage of 
(possibly all) redundant elements which are not needed to be used for repairing the 
memory (such as by faking defects to remap good elements with redundant 
elements) (block 106). 

As such, the present invention provides a special design feature to add access 
to the redundant elements which are not being used in the memory. The feature 
allows BIST to be run and a single signal (GO) to be generated to determine 
whether or not the memory is repairable. This way, regular functional memory and 
redundant memory can be tested comprehensively. An alternate method involves 
designing a special BIST mode to force usage of all the redundant elements and also 
designing a special BIST mode to tell if the failure seen is associated with 
redundant elements or not. Even then, there will be a possibility of potential test 
escapes. 
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While an embodiment of the present invention is shown and described, it is 
envisioned that those skilled in the art may devise various modifications of the 
present invention without departing from the spirit and scope of the appended 
claims. 
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